can be observed for those without any CF 4 plasma treatment as reported by others. On the contrary, for samples with 2-min CF 4 plasma treatment, the reverse-biased current increases and becomes a nearly ohmic behavior with current density of 1.8 A/cm 2 at -1 V which suggests that Fermi level pinning is effectively released. As the plasma treatment time extends to 6 min, the current at reverse bias further increases and a complete ohmic behavior is observed. The phenomenon that the reverse-biased current is dependent on plasma treatment time implies that longer treatment time provides a more prominent fluorine passivation of Ge surface dangling bonds which decreases the number of surface states and therefore Fermi level depinning is achieved. As shown in Fig. 2 , the formation of Ge-F binding is evidenced by the apparent F 1s peak in the XPS spectra for those with 6-min CF 4 plasma treatment. The effectiveness of alleviating Fermi level pinning by 6-min CF 4 plasma treatment for n-type Ge is further investigated by characterizing the J-V curves for contact metals with different work functions and the results are displayed in Fig.  3 . For contact metal Ni, a rectifying behavior is observed because of its intrinsically high work function of 5.1 eV . However, for contact metal with a smaller work function such as Y (work function: 3.1 eV) and Al, ohmic contact characteristics are obtained. By plotting the graph of ln(J/T 2 ) against 1/T for various bias voltages where T denotes the absolute temperature, one can obtain the correlation between activation energy ( B -V/n) and V as shown in Fig. 4 where B is the effective Schottky barrier height, n is the ideality factor, V is the applied forward bias voltage. Therefore B and n can be respectively extracted from the intercept and slope. The extracted B as a function of metal work function for samples with and without 6-min CF 4 plasma treatment is shown in Fig. 5 . The significant work function dependent Schottky barrier height implies that the pinning effect is greatly suppressed by CF 4 plasma treatment. Fig. 6 demonstrates the impact of surface treatment on relative contact resistance for various contact metals on n-type Ge. For low work function metals such as Al and Y, with 6-min CF 4 plasma treatment, contact resistance decreases apparently by a factor of 21-29 as compared to those without any treatment. This decrease in contact resistance is mainly attributed to the significant modulation of Schottky barrier height caused by the alleviation of Fermi level pinning through CF 4 plasma treatment. Since no resistance turning point [3] is present even for 10-min CF 4 plasma treatment, a larger process window can be expected. Fig. 7 shows how CF 4 plasma treatment affects the J-V curves of Al/p-Ge diodes at room-temperature. As expected, because of the depinning of Fermi level by CF 4 plasma treatment, transition from ohmic to rectifying behavior is observed and again verifies the effectiveness of CF 4 plasma treatment. Fig. 8 shows the atomic force microscopy (AFM) analysis for n-type Ge with 6-min CF 4 plasma treatment and a RMS roughness value of 0.81 nm is obtained. The relatively smooth surface is due to the low rf power and no bias during plasma treatment. Table I summarizes the correlation of barrier height and ideality factor for different metals on n-type Ge after 6-min CF 4 plasma treatment. E x t e n d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e   P -1 -1 9 L 
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IV. Conclusion
Prior to the contact metal deposition, CF 4 plasma treatment on Ge surface is proposed to alleviate Fermi level pinning to valence band. Due to the effective fluorine passivation of dangling bonds at Ge surface which is beneficial to suppress surface states, Fermi level depinning can be observed which is evidenced by the transition in conduction behavior between Schottky and ohmic contact, and the modulated Schottky barrier height for contact metals with different work functions. 
